OVERLAP DISTORTION CONTRIBUTION TO THE ELECTRIC FIELD GRADIENT (*)
G. A. SAWATZKY (**), F. van der WOUDE and J. HUPKES Solid State Physics Laboratory, University of Groningen, The Netherlands Rhurn6. -Les contributions au gradient du champ Clectronique aperqu par les noyaux de fer cause par la distortion de recouvrement des couches compl&tes des atomes de fer sont discutees. En tenant compte de ces effets on obtient Q(Fe57) = 0,174 barns.
Abstract. -The contributions to the electric field gradient at iron nuclei due to overlap distortion of the iron closed shell orbitals are discussed. Including these effects we obtain Q(Fe57) = 0.174 barns.
It is probably well known that the quadrupole moment Q(Fe57) of the Fe57 nucleus as determined from iron compounds seems to depend on the valency state of the particular iron ions. This, of course, is only due to the uncertainty in the determination of the electric field gradient at the iron nucleus. The most recent determination of Q(Fe57) from measurements in Fez' compounds has led to a value of In ref.
[5] we mentioned that q: , can also be large in Fe3+ compounds. The expression derived in ref. [5] is only valid for a single closed p shell surrounded by N 0'-ions. The situation in iron compounds is however more complicated because all the electrons in the 2p, 3p and 3d orbitals can contribute to qAV. In this case the contributions to q: , from the various shells are not additive, because cross terms involving the 2p and 3p 'orbitals will appear. The orthogonalized one electron wave functions can be written as follows Only the occupied oxygen and iron orbitals are considered. The t j f are now orthogonal to the iron one electron wave functions. If anion-anion overlap and terms which involve the overlap integrals to second order like stj stj are neglected, the wave functions $j k can be treated as being orthogonal. q:, can now be determined from the sum of the one electron contributions.
where e is the charge of a positron, v,9, = (3 c0s2 8 -l)/r3 , and B is the angle which r makes with the main principal axis (z-axis) of the electric field gradient tensor. In eq. (2) we have taken Nj,, = 1. The first term on the right hand side of eq. (2) involves only oxygen orbitals and has been included in q,. The second term has been determined by numerical integration [6] and amounts to only 1 % of the third term, so it will be neglected. We are then left with which is zero if xi and/or xi, are s orbitals or if xiand xi. are orbitals having different quantum numbers I or 1,. Since < l/r3 > 3 d is one tenth of < l/r3 >3p and the overlap integrals involving the 3d orbitals are smaller than those involving the 3p orbitals we can neglect the terms involving 3d orbitab. Following the same procedure as described in ref.
[S] we get where the factor of 2 results from the orbitals being doubly occupied ; 8, is the angle between the z-axis and the Fe-kth 02-direction and In order to find the total electric field gradient at the ~e~" nucleus the shielding of the field gradient by the electrons of the ion has to be taken into account. The total electric field gradient at the nucleus can be written as Szk, = < n p , ( 2 sk > .
-
The z' direction has been taken to be along the Fe-kth 0'-direction. The orbitals with superscripts Since the shielding factor R of q;, is not known, we These results show that the overlap distortion of the closed shell 2p and 3p orbitals of a Fe3+-ion strongly influences the electric field gradient at the nucleus and that the inclusion of these effects result in a reasonable agreement between Q(FeS7) values determined from trivalent and divalent iron compounds.
